ABSTRACT | Background: Treadmill gait training as a therapeutic resource in the rehabilitation of children with cerebral palsy has recently been the focus of many studies; however, little is still known regarding its effect on static and functional balance in children. Objective: The aim of the present study was to compare the effects of treadmill training and over ground gait training in children with cerebral palsy. Method: A randomized controlled trial with blinded evaluator was conducted with children with cerebral palsy between three and 12 years of age categorized in Levels I to III of the Gross Motor Function Classification System. Assessments were performed before and after the intervention and involved the Berg balance scale as well as the determination of oscillations from the center of pressure in the anteroposterior and mediolateral directions with eyes open and closed. The experimental group was submitted to treadmill training and the control group performed gait training over the ground. The intervention consisted of two 30-minute sessions per week for seven weeks. Results: Both groups exhibited better functional balance after the protocol. The experimental group had higher Berg balance scale scores and exhibited lesser mediolateral oscillation with eyes open in comparison to the control group. Conclusions: Treadmill training had a greater effect on functional balance and mediolateral oscillation in comparison to over ground gait training in children with cerebral palsy. Trial registration: RBR-5v3kg9 (Brazilian Registry of Clinical Trials).
Introduction
Postural control, specifically postural stability, is a fundamental prerequisite for motor development in children 1 . It is the complex ability of an individual to maintain the center of the gravity of the body over the support base 2 , when an individual is standing still (static balance), in motion (dynamic, functional balance), preparing to perform a movement or preparing to end a movement 1 . Postural control depends on the delicate integration of vision, vestibular and proprioceptive sensations, commands from the central nervous system and neuromuscular responses, particularly muscle strength and reaction time 3, 4 . The quantification of displacement of the center of pressure through a stabilometric analysis is often used for the assessment of static balance (stability in a static position) 5 and the Berg Balance Scale 6 is used for the assessment of functional balance (postural stability during the performance of functional motor activities).
Deficits in postural control constitute a major limitation to the motor development in children with cerebral palsy (CP) 7 . These children exhibit a number of limitations stemming from postural instability on the performance of static and dynamic tasks, such as sitting, standing and walking [7] [8] [9] [10] . The clinical condition of CP includes neuromuscular deficits, such as the loss of selective motor control and alterations in muscle tone, leading to an imbalance between agonist and antagonist muscles, compromised coordination, sensory alterations and weakness 11 . Postural instability of children with CP is evident from the greater oscillations of the center of pressure (COP) in the anteroposterior (AP) and mediolateral (ML) directions, even with the use of positioning braces on the lower limbs 12 .
The goal of physical therapy for children with CP is to promote motor learning through motor and functional training with multiple sensory stimuli. Different approaches have been used to favor selective control and the coordination of muscle contrations during gait [13] [14] [15] . In recent years, locomotor training on a treadmill has been used in the treatment of children with CP in an attempt to maximize orthostatism and gait velocity [15] [16] [17] [18] [19] [20] [21] . Treadmill training is believed to contribute to postural control by allowing multiple repetitions of the steps of the gait cycle in a rhythmic pattern, thereby improving control between agonist and antagonist muscles and resulting in improved functional and static balance. Previous studies have demonstrated positive results from treadmill training on gait speed and endurance, gross motor function and cardiorespiratory fitness [15] [16] [17] [18] [19] [20] [21] . However, these studies do not address the possible effects of treadmill training on postural stability (static and functional balance).
The aim of the present study was to compare the effects of gait training on a moving surface (treadmill) and a fixed surface (ground) on the functional and static balance in functionally ambulatory children with CP.
Method
The present randomized controlled trial with a blinded evaluator ( Figure 1 
Participants
Participants were recruited and assessed for eligibility using the following inclusion criteria: age between three and 12 years; absence of cognitive or visual impairment that could compromise the performance of the tasks; Levels I, II or III of the Gross Motor Functional Classification System (GMFCS) 22 ; and functional ambulation for at least 12 months. Children submitted to orthopedic surgical procedures or neuromuscular block in the 12 months prior to the training sessions and those with orthopedic deformity with indication for surgery were excluded from the study.
Evaluation
Participants were evaluated prior to and immediately following the gait training protocols. Evaluations included the assessment of functional balance and static balance (stabilometry) as well as a treadmill ramp test protocol. Functional balance was assessed using the Berg balance scale, that consists of 14 tasks similar to various activities of daily living. The items are scored on a five-point scale (0, 1, 2, 3 or 4), with zero denoting an inability to perform the activity without assistance and four denoting the ability of perform the task with independence. The maximal score is 56 points. The scores are based on the time that a position can be maintained for, the distance that the upper limb is capable to reach in front of the body and the time needed to complete the task. The test was performed with the child clothed and making use of his/her habitual brace and/or gait-assistance device 6, 23 . Static balance was assessed by stabiliometry performed on a Tekscan MatScan ® System pressure platform (Boston, USA). This system provides measurements of displacement of the COP along axes x (AP) and y (ML). The platform is 5 mm in thickness, 432 in length and 368 mm in width and has lines and columns that form an XY grid, with 2288 sensors, resolution of 1.4 sensor/cm 2 and sampling frequency of 40 Hz. The child was instructed to remain on the platform in the orthostatic position, barefoot, arms alongside the body or with his/her habitual gaitassistance device, eyes fixed on a point marked at a distance of one meter at the height of the glabella, unrestricted foot base and the heels aligned. The assessment was conducted for 30 seconds under each condition of eyes open (EO) and eyes closed (EC), with the measurements of oscillations of the COP along axes x (AP) and y (ML) 5 .
Children were submitted to an exercise test to determine the speed of the treadmill gait training. There are no standardized tests to determine the speed of treadmill gait training for the pediatric population with neurologic disorders. For the present study, a symptom-limited cardiopulmonary effort test was performed on a treadmill (Imbramed Mileniun ATL) with a ramp protocol, beginning at 0.5 km/h and increasing the speed by 0.5 km/h every minute. The criteria for interrupting the test were: subjective sensation of fatigue, pain in the lower limbs, complex cardiac arrhythmia, sudden increase or drop in blood pressure, increase in heart rate above the maximum predicted for the child's age, intensive shortnessof-breath and drop in oxygenation accompanied by electrocardiographic alteration or signs and symptoms.
The tests were administered on two nonconsecutive days, with the order determined randomly by lots. After fulfilling the eligibility criteria and undergoing the initial evaluation, participants were randomly distributed into an experimental group [gait training on a moving surface (treadmill)] or a control group [gait training on a fixed surface (ground)]. Randomization was performed at a central office using a randomization table. A set of numbered, sealed, opaque envelopes was used to ensure allocation concealment. Each envelop contained a card with the group to which the child was allocated.
Intervention
Experimental group (treadmill gait training): The treadmill protocol was developed based on recent evidence from studies assessing the effects of treadmill training on children with CP 19, 24, 25 . Positive effects have been identified in training protocols involving two or three sessions per week for a period of six to 12 weeks. The protocol employed in the present study was two 30-minute sessions per week over seven consecutive weeks. When necessary, the therapist facilitated the components of the gait cycle during training. The first two sessions were considered a period of familiarization with the treadmill and training was performed with a gradual increase in speed based on the child's degree of tolerance. Sixty to eighty percent maximal tolerance reached on the initial treadmill test was used for the training sessions. Each child walked at 60% maximal speed in the first and final five minutes of the session and walked at 80% maximal speed for the other 20 minutes. When applicable, before each session, habitual braces were duly placed by the physiotherapist.
Control group (over ground gait training): Children wore their habitual braces and habitual gait-assistance device, when needed. A prior assessment was performed to determine whether the gait-assistance device was at the adequate height for the child and the necessary adjustments were made. When necessary, therapist facilitated the components of the gait cycle during training. The first two sessions were considered a period of familiarization and the speed and duration of the sessions were self-selected by the children. Over the subsequent six weeks, training sessions lasted 30 minutes. Children were instructed to walk at a comfortable, self-selected pace during the first and final five minutes of the session and encouraged to increase the speed during the other 20 minutes. It was not possible to monitor speed in this group.
Heart rate was monitored to ensure that there was no overload of the cardiovascular system. All participants were instructed to maintain their daily activities and therapy sessions.
All children were submitted to the aforementioned evaluation procedures immediately following the training protocol.
Statistical analysis
Data were initially analyzed for Gaussian distribution using the Kolmogorov-Smirnov test. The variables proved to be parametric and were expressed as mean values (95% confidence intervals). The paired Student's t-test was used for the within group analysis (before and after the gait training protocols and oscillations of COP with EO and EC) and the independent Student's t-test was used for the between group analyses. All p-values <0.05 were considered significant. Data were organized and tabulated using the Statistical Package for the Social Sciences (SPSS v.19.0).
Results
Thirty-one children were screened and fifteen were selected for participation in the study. One child in the control group was hospitalized for respiratory problems and therefore did not conclude the study. Table 1 
displays the anthropometric characteristics and functional classification of the participants.
The within group analysis demonstrated that both groups achieved higher scores on the Berg balance scale following the gait training protocols. However, the between group analysis demonstrated that the experimental group had statistically better results in comparison to the control group (p=0.01) (Figure 2) . Table 2 displays the results of COP displacement before and after the interventions. No statistically significant differences were detected in the within and between group analyses in the AP direction with either EO or EC (p>0.05). In the experimental group, six children exhibited less oscillation in the ML direction with EO, with a mean 2.0 cm less oscillation following treadmill training (p=0.04). In the control group, three children exhibited less oscillation in the ML direction with EO, with a mean 0.34 cm less oscillation following gait training over ground (p=0.63). No statistically significant differences were found in the within and between group analyses regarding oscillation in the ML direction with EC (p>0.05).
Displacement of the COP under the conditions of EO and EC was analyzed before and after the gait training protocols. Statistically significant differences were detected in oscillations in the AP direction between the conditions of EO and EC in both the experimental and control groups (p=0.03 and p=0.01, respectively). In the within group analyses, no statistically significant differences in oscillation in the AP or ML directions with EC were found before and after the training protocols (p>0.05).
Discussion
Frequent falls constitute one of the most common complaints in children with CP who have the ability to walk independently. Thus, impaired balance in a functional context is an important issue in the rehabilitation of these children and has been the focus of therapeutic interventions 6 . The present study compared functional and static balance in children with CP after a protocol of treadmill gait training or a protocol of over ground gait training. Both gait training protocols led to an within group improvement in functional balance. However, treadmill training led to a mean increase of 14.7 points on the Berg balance scale, whereas over ground training led to a 3.2 points Table 1 . Anthropometric characteristics and functional classification of the studied children.
Groups

Experimental n=7
Control n=7
Gender (female/male)** increase. These findings demonstrate that treadmill training is an important tool on the improvement of functional balance in CP children with GMFCS levels I to III and with independent gait. Treadmill training allows specific gait training in a rhythmic fashion. Motor tasks require specific muscle control between agonist and antagonist muscles as well as the activation of anti-gravity muscles. Children with CP exhibit an increase in co-contractions of the proximal and distal muscles, with no coordinated proximal-distal pattern 26 . According to Nashner et al. 27 , CP children present an inverse order of distal and proximal activation and muscle synergies, which compromises responses to disequilibrium. Findings described in the literature demonstrate that treadmill training provides improvements in gait velocity 17, 19 , gross motor function 15, 20 and the kinematic pattern of the lower limbs 20 . While no previous study had been conducted to determine the effects of treadmill training on balance, it is suggested that this technique provides an improvement in global coordination and postural control in children, which are fundamental to balance.
Treadmill training activates central pattern generators (CPGs) in the spinal cord at the lumbar level 28 . CPGs are neural activations capable of forming motor patterns, leading to rhythmic, automatic strides, allowing the training of biomechanical components involved in the different phases of gait, postural control and balance 14, 29 . The activation of these CPGs and automatic reciprocation mechanisms are an important fundament for the stimulation of gait through treadmill training 30 , as children with CP employ different postural strategies from those used by children without neurologic impairment.
A pressure platform was used to assess static balance, allowing the quantitative determination of the displacement of the COP in the AP and ML directions. Treadmill training resulted in lesser oscillation in the ML direction with eyes open, whereas no statistically significant differences between groups were found for the AP direction.
The lesser oscillation in the ML direction with eyes open may have stemmed from greater activation of the muscles of the pelvic girdle, thereby allowing greater stability of the pelvis. Smania et al. 20 found that treadmill training provided improved kinematics of the hips on the sagittal plane, with an increase in the extension of the hips in the support phase of the gait. It should be stressed that a more detailed analysis of muscle activation through electromyography would be required to confirm these hypothesis. However, these evaluations were not performed in this study and thus represent a limitation of this study.
Displacement of the COP was also analyzed with regard to eyes open (EO) and eyes closed (EC). Differences in AP oscillation were found with EO and EC after the gait training protocols. This finding was likely due to the lesser AP oscillation with EO found after the interventions in both groups. No effect of the gait training protocols was found on the displacement of the COP (AP and ML oscillation) with visual restriction. This result is likely due to the important role vision plays in postural control, especially in individuals with neurologic impairment and proprioceptive alterations. However, in contrast to findings described in a previous study with the specific aim to analyze postural oscillations in children with CP 5 , the present sample did not demonstrate different COP displacement between EO and EC conditions at baseline. Considering the number of participants in the present study, this finding should be studied further.
Indeed the number of participants constitutes an important limitation of the present study. The study population was a convenience sample (children with CP registered with the Physical Therapy clinic of the UNINOVE, Brazil) and not based on a specific sample size calculation. Moreover, future studies should involve the stratification of the sample during the randomization in regards to the functional levels of the children (GMFCS I/II and GMFCS III). Thus, the results may be considered preliminary findings and further studies with a larger number of participants are needed.
Conclusion
Both gait training on a moving surface (treadmill) and stable surface (ground) resulted in improved functional and static balance. However, treadmill training resulted in a greater functional balance improvement and less mediolateral oscillation with eyes open in children with cerebral palsy.
